Abstract. Increasing evidence demonstrates that microRNAs (miRNAs/miRs), a type of non-coding small RNA, can regulate tumor cell migration, invasion and metastasis, and may therefore serve a major function in the occurrence and development of tumors. The present study investigated the effect of miR-383 on the proliferation, migration and invasion of colon cancer HT-29 and LoVo cell lines. The expression of miR-383 in colon cancer and adjacent non-tumor tissues was examined by reverse transcription-quantitative polymerase chain reaction. MiR-383 upregulation was stimulated by transfection with a miR-383 mimic. Cell proliferation was measured with MTT and colony formation assays, and cell migration and invasion potential were examined by Transwell chamber assays. A proliferating-inducing ligand (APRIL), myeloid cell leukemia-1 and cyclooxygenase-2 protein expression was analyzed by western blotting. The expression of miR-383 was decreased in colon cancer tissues compared with adjacent non-tumor tissues (P<0.05). Transfection with a miR-383 mimic suppressed proliferation and inhibited cell migration and invasion in HT-29 and LoVo colon cancer cell lines. Overexpression of miR-383 in HT-29 and LoVo cells resulted in the suppression of APRIL protein expression. In conclusion, miR-383 was downregulated in colon cancer. The upregulation of miR-383 inhibited proliferation, migration and invasion of colon cancer cells, potentially through the regulation of target gene APRIL.
Introduction
Colon cancer is a common malignant tumor of the digestive tract, and the morbidity and mortality rates are high in China; recent environmental and lifestyle changes have increased the incidence rate of colorectal cancer in China (1). The 5-year survival rate for patients with primary colon cancer is 80-90%; however, the 5-year survival rate for patients with metastatic colon cancer is 5-15% (2) . Therefore, it is important to investigate and clarify the molecular pathological mechanism of colon cancer metastasis and identify new therapeutic targets for the prevention and treatment of colon cancer (3) .
MicroRNAs (miRNAs/miRs) are single stranded non-coding endogenous RNA molecules of ~22 nucleotides. miRNAs can bind with mRNA from a target gene at the 3'-untranslated region (3'-UTR), leading to post-transcriptional silencing, which regulates the expression of the target gene (4) . It is established that the abnormal expression of miRNAs, including miR-511-3p (5) and miR-135b (6) , serves an important function in the occurrence and development of colon cancer.
miR-383 is located in chromosome 8p22. Previous studies have demonstrated that miR-383 is associated with medulloblastoma (7), glioma (8) and hepatocellular carcinoma (9) , and may serve important function(s) in these types of tumor. Previous studies have demonstrated that majority of miR-383's target genes in numerous tumors (7) (8) (9) ; however, target genes of miR-383 in colon cancer remain unclear. A proliferating-inducing ligand (APRIL) is a member of the tumor necrosis factor (TNF) super-family. Initially, it was discovered as a cytokine that was able to stimulate tumor cell growth, induce tumor cell proliferation and modulate tumor cell apoptosis (10) . APRIL is predominantly expressed in tumor tissues in colon cancer, pancreatic cancer, gastric cancer and bladder cancer (11, 12) . The expression of APRIL promotes tumor growth and metastasis in colorectal cancer cells (13, 14) , and APRIL knockdown suppresses migration and invasion of colon caner cells (15) . Cyclooxygenase-2 (COX-2) is markedly expressed in tumor tissues in colon cancer and breast cancer (16, 17) . Overexpression of COX-2 is associated with the aggressive and invasive potential of tumor cells (18) and is positively associated with the tumor-node-metastasis (TNM) staging and lymph node metastasis in colon cancer (16) .
Myeloid cell leukemia-1 (MCL-1) is an anti-apoptotic protein of the B cell lymphoma-2 (BCL-2) family (19) . Over-expression of MCL-1 is associated with the inhibition of apoptosis in colon cancer cells and the promotion of drug resistance in colon cancer liver metastasis (20, 21) .
In the present study, reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was used to determine expression levels of miR-383 in colon cancer and adjacent normal tissues. The associations between miR-383 expression and the clinicopathological characteristics of colon cancer were analyzed. A miR-383 mimic was used to overexpress miR-383 in colon cancer HT-29 and LoVo cell lines, and the effect of miR-383 on colorectal cancer cell proliferation, migration and invasion was analyzed. Western blot analysis assessed the effect of miR-383 upregulation on the protein expression levels of previously identified miR-383 target genes, including A proliferating-inducing ligand (APRIL), myeloid cell leukemia-1 (MCL-1) and cyclooxygenase-2 (COX-2) (9, 22, 23) . The aim of the present study is to provide a theoretical basis for the future exploration of the molecular mechanism(s) of miR-383, and the identification of novel therapeutic targets in colon cancer.
Materials and methods

Patients.
A total of 64 pairs of matched colon tumor and adjacent non-tumor mucosal tissues (>5 cm from the edge of the tumor) were obtained from patients with colon cancer at Zhejiang Provincial People's Hospital (Zhejiang, China) between March 2014 and January 2015.
In total, 30 patients were <60 years, 34 patients were ≥60 years (range, 34-86 years), 36 patients were male and 28 patients were female. Overall, 26 patients had a left colon tumor and 38 patients had a right colon tumor. Furthermore, 45 patients presented with adenocarcinoma and 19 with mucinous carcinoma cases. A total of 55 patients were at tumor-node-metastasis stages I, II or III, and 9 were at TNM stage IV (24) .
Written informed consent was obtained from all patients prior to surgery for the use of their tissues in the present study. The use of all specimens was approved by the Ethics Committee of Zhejiang Provincial People's Hospital (Zhejiang, China). No patients received radiotherapy or chemotherapy prior to surgery. Following resection, tissues were immediately frozen in liquid nitrogen and stored at -80˚C until further use.
Cell lines. LoVo and HT-29 colon cancer cell lines were purchased from the Chinese Academy of Sciences, Shanghai Institute of Life Sciences Cell Bank (Shanghai, China). Cells were cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), supplemented with 10% fetal bovine serum (FBS, Dingguo Biotechnology Co., Ltd., Beijing, China) and incubated at 37˚C in a 5% CO 2 incubator with saturated humidity.
Reagents. TRIzol reagent was purchased from Invitrogen (Thermo Fisher Scientific, Inc.). The PrimeScript One Step miRNA cDNA Synthesis kit and the SYBR premix Ex Taq™ II qPCR reagents were purchased from Takara Bio, Inc. (Otsu, Japan). An rno-miR-383 mimic kit (cat. no., miR1003114-1-2) and a corresponding negative control (cat no., miR01201-1-2) were procured from Guangzhou Ruibo Biological Technology Co., Ltd. (Guangzhou, China). A Transwell chamber migration assay kit was obtained from BD Biosciences (Franklin Lakes, NJ, USA). A Boyden chamber invasion assay kit was purchased from EMD Millipore (Billerica, MA, USA). β-actin and primary antibodies for western blot against β-actin (ab8227), APRIL (ab64967), MCL-1 (ab28147) and COX-2 (ab102005) were obtained from Abcam (Cambridge, UK). Horseradish peroxidase-conjugated-Goat Anti-Rabbit immunoglobulin (Ig)G (cat. no. ab6721) used as a secondary antibody was obtained from Abcam.
Total RNA extraction and reverse transcription. Total RNA was extracted using RNA Extraction kit (Takara Bio. Inc., Otsu, Japan), according to the manufacturer's protocol. Total RNA (1 µg) was reverse transcribed to cDNA by a reverse transcription reaction, using PrimeScript One Step miRNA cDNA Synthesis kit (Takara Bio. Inc.), with the following reaction conditions: 37˚C for 60 min, 85˚C for 5 sec.
RT-qPCR assay for miR-383.
Primer sequences were as follows: miR-383 forwards, 5'-CAC GAA AGA TCA GAA GGT GAT TG-3'; U6B forwards, 5'-ACG CAA ATT CGT GAA GCG TT-3'. The reverse primer was the universal primer provided by the reverse transcription kit. The qPCR reaction system contained 10 µl SYBR premix, 0.4 µl Rox, 0.5 µl reverse primer, 1 µl template and 7.6 µl distilled H 2 O. Reaction conditions were as follows: 94˚C for 4 min; then 40 cycles of 94˚C, 5 sec, 55˚C, 20 sec and 72˚C, 20 sec; melting curve program: 95˚C, 1 min, 55˚C, 30 sec and 95˚C, 30 sec, 1 cycle. The expression of miR-383 was calculated relative to U6B with the 2 -ΔΔCq method (25) .
Transfection of the HT-29 and LoVo cell lines with an miR-383
mimic. HT-29 and LoVo cells in the logarithmic growth phase were seeded onto 6-well plates at a density of 2x10 5 /well. The cells were transfected according to the protocol of the rno-miR-383 kit (Guangzhou Ruibo Biological Technology Co., Ltd.) using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Cells transfected with the rno-miR-383 mimic were defined as the experimental group and the cells transfected with the mimic negative control were defined as the control group. At 24 h post-transfection, the efficiency was assessed using RT-qPCR.
MTT assay for cell proliferation. rno-miR-383-transfected HT-29 and LoVo cells were added to 96-well plates at a concentration of 2x10 3 cells/well in sextuplicate, and incubated at 37˚C in a 5% CO 2 incubator with saturated humidity. Following 24, 48 or 72 h incubation, 20 µl MTT reagent (5 mg/ml) was added to each well and incubated for a further 4 h. Dimethyl sulfoxide (150 µl) was added to dissolve the reaction products, and the absorbance (A) was measured at 570 and 630 nm using a microplate reader. The relative cell proliferation rate was calculated as follows: Relative proliferation rate (%)=[(A 570 -A 630 ) of study group/(A 570 -A 630 ) of control group] x 100.
Colony formation assay. A total of 200 cells from the experimental and control groups were cultured on a 6-well plate, and media was replenished every 5 days. At 2 weeks, the colonies were fixed with 4% poly methanol for 15 min at room temperature, and stained with 10% Giemsa stain for 20 min at room temperature.
Migration assay. Migration assays were performed using a 24-well Transwell chamber kit. In the upper chamber, 200 µl of cell suspension containing 4x10 4 experimental or control cells was added to serum-free Dulbecco's modified Eagle's medium (DMEM) culture medium; the lower chamber contained DMEM with 10% FBS. Following 24 h of incubation, cells remaining on the upper surface of the membrane were removed with a cotton swab, whereas adhered cells on the lower membrane surface were fixed in 4% poly methanol for 15 min at room temperature and stained with 10% Giemsa stain for 20 min at room temperature. Subsequently, five fields of view were selected at random and observed under a microscope (brightfield; magnification, x200). The number of cells was counted and the mean was calculated.
Invasion assay. A Matrigel invasion chamber kit was used. A total of 300 µl serum-free DMEM culture medium was added to the upper chamber, including 5x10 5 experimental or control cells. DMEM with 10% FBS was added to the lower chamber. Following incubation for 48 h, the cells were fixed in 4% poly methanol for 15 min at room temperature and stained with 10% Giemsa stain for 20 min at room temperature. Subsequently, five fields of view were selected at random and observed under a microscope (brightfield, magnification, x200). The number of cells was counted and the median was calculated.
Western blotting. Western blotting was employed to examine the protein expression of APRIL, MCL-1 and COX-2, target genes of miR-383. Total protein was extracted from cells with TRIzol, according to the manufacturer's protocol. Use BCA protein assay kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA) to quantify protein concentration. Total protein (30 µg per lane) was resolved by 15% SDS-PAGE gel electrophoresis for 2 h and transferred to a polyvinylidene fluoride membrane. The membrane was washed once in TBST (20 mM Tris, 150 mM NaCl, containing 0.05% Tween-20, pH 7.4), for 5 min. The membrane was blocked by incubation for 1 h in 1% BSA (bovine serum albumin) at room temperature.
Following 3 washes in TBST for 10 min each, the membrane was probed overnight at 4˚C with APRIL, MCL-1 or COX-2 antibodies (dilution, 1:2,000), and β-actin (dilution, 1:5,000) as a loading control. The membrane was washed 3 times in TBST for 10 min each. Membranes were then incubated with the enzyme-labeled secondary antibody (Goat Anti-Rabbit IgG (HRP), dilution, 1:5,000) at room temperature for 1 h prior to detection with enhanced chemiluminscence (Beyotime Institute of Biotechnology, Shanghai, China) and X-ray film.
Statistical analysis. Statistical analysis was performed using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). Measurement data are presented as the mean ± standard deviation. Paired measurement data were analyzed with a paired samples t-test; categorical data were compared using a χ 2 or Fisher's exact test. P<0.05 was considered to indicate a statistically significant difference.
Results
miR-383 expression is decreased in colon cancer tissue.
The relative expression of miR-383 in colon cancer tissues was 1.04x10 -2 ±7.54x10 -3 , significantly lower than in adjacent tissues (2.57x10 -2 ±1.42x10 -3
; Fig. 1 ; P<0.01). In addition, the expression of miR-383 was negatively associated with the pathological type and TNM staging of patients with colon cancer (P<0.05), whereas it was not associated with patient sex or age, or tumor location and differentiation (Table I) .
Confirmation of transfection with a miR-383 mimic.
The RT-qPCR results demonstrated that following the transfection with an rno-miR-383 mimic, the relative expression miR-383 level was 7.43x10 -2 ±3.31x10 -3 in the HT-29 experimental group, and 3.46x10 -2 ±5.42x10 -3 in the negative control group (P<0.01); in LoVo cells, the relative expression level was 5.68x10 -2 ±4.25x10 -3 in the experimental group, and 2.03x10 -2 ±6.57x10 -3 in the control group ( Fig. 2; P<0 .01). These results suggest that transfection with an rno-miR-383 mimic effectively upregulated miR-383 expression in colorectal cancer cell lines.
Effect of miR-383 on the proliferation of HT-29 and LoVo cells.
A colony formation assay was used to determine the cell proliferation ability at 2 weeks. HT-29 and LoVo cell lines with overexpressed miR-383 exhibited a relative colony formation ability of 71.2±12.7, 26.4±7.8, respectively (P<0.05) compared with the negative control groups; the colony formation ability of the negative control groups were 125.3±18.9, 59.6±11.3; Compared with the negative group, the colony formation ability of the experimental group was significantly decreased (HT-29, P= 0.0328; LoVo, P= 0.0162), as demonstrated in Fig. 3A .
Based on the MTT assay, subsequent to being cultured for 24, 48 and 72 h, the relative proliferation rates of HT-29 cells in the experimental group were 93.3±4.27%, 78.9±6.23% and 62.5±3.62%, respectively (P<0.05) compared with the negative control group; the relative proliferation rates in the LoVo cells experimental group were 84.7±8.23%, 79.2±5.97% and 73.6±6.24% (Fig. 3B; P<0 .05). These results indicated that the upregulation of miR-383 expression inhibited the proliferation of HT-29 and LoVo colon cancer cells.
Effect of miR-383 on the migration and invasion of HT-29 and LoVo cells.
In the migration assay, the number of cells on the lower membrane surface in the HT-29 experimental group was 41.5±9.6, whereas it was 131.3±19.2 for the control group; therefore, the migration capacity decreased by 68.4% (P=0.031). The number of lower surface cells in the LoVo experimental group was 39.6±9.7, whereas it was 166.2±23.9 in the control group; therefore, the migtarion capacity decreased by 76.2% (P=0.016; Fig. 4 ).
In the invasion assay, the number of cells invading across the membrane in the HT-29 experimental group of was 11.9±3.7, whereas it was 47.3±6.9 in the negative control group; the invasion capacity decreased by 74.8% (P=0.004). The number of invading cells in the LoVo experimental group was 13.7±4.1, whereas it was 57.9±8.2 in the negative control group; the invasion ability decreased by 76.4% (P=0.006; Fig. 5 ). In conclusion, the migratory and invasive capacity of HT-29 and LoVo cells transfected with rno-miR-383 mimic was reduced compared with the control group.
miR-383 inhibits the expression of APRIL. Western blot analysis (Fig. 6 ) demonstrated that APRIL bands were narrower and less intense in the HT-29 and LoVo experimental groups, compared with the negative control groups and the β-actin reference. By contrast, MCL-1 and COX-2 bands exhibited no clear change. This suggested that the expression of APRIL decreased, whereas the expression of MCL-1 and COX-2 remained unaltered, indicating that miR-383 may regulate the expression of APRIL in HT-29 and LoVo colon cancer cells.
Discussion
MiRNAs are small non-coding RNAs composed of 18-25 nucleotides. MiRNAs can bind the 3'UTR of their target mRNAs to induce the degradation or inhibition of transcription, resulting in the regulation of the target gene function (4) . A number of miRNAs may regulate cell migration, invasion and metastasis, including miR-1246 and miR-145 (26) . MiRNA can also regulate the differentiation, proliferation and apoptosis of cells; therefore, alterations in expression can lead to disease, including gastric, bladder and colon cancer (27) . MiRNAs serve a pivotal role in the occurrence and development of colon cancer (5, 6) . For example, miR-34a can inhibit the proliferation and metastasis of colon cancer cells by inhibiting platelet growth factor receptor (28) . Another study revealed that miR-381 was significantly downregulated in human colon cancer tissues (29) . A nuclear receptor, liver receptor homolog 1, is a target gene of miR-381, and the downregulation of miR-381 is associated with colon cancer progression (29) .
MiR-383, with the sequence for has-miR-383 is CACGAAAGATCAGAAGGTGATTG, has been the subject of previous studies, although there is little evidence to demonstrate an association between miR-383 expression and tumor development. miR-383 is considered to be a tumor suppressor gene. For example, a previous study demonstrated that miR-383 expression was suppressed in hepatocellular carcinoma, and was significantly associated with tumor size, lymph node metastasis and the overall survival of patients with liver cancer (9) . Further experiments indicated that miR-383 may have inhibited the growth of liver cancer cells by downregulating the expression of APRIL (9) . This result is similar to the results of the present study; the present study confirmed that miR-383 expression was relatively low in colon cancer tissue, and that miR-383 expression was associated with the pathological type and TNM stage of colon cancer.
In order to confirm that miR-383 can inhibit the development of colon cancer, an rno-miR-383 mimic was transfected into HT-29 and LoVo cells and the proliferation, migration and invasion rates were determined. It was identified that the upregulation of miR-383 suppressed proliferation and inhibited cell migration and invasion in the cell lines. This is consistent with the effect of miR-383 in medulloblastoma (7), glioma (8) and hepatocellular carcinoma (9) , confirming the role of miR-383 as a tumor suppressor gene. The further exploration of the biological significance of miR-383 in colon cancer and the mechanism for interaction between miR-383 and target genes may provide novel ideas for clinical treatment.
APRIL is a member of the tumor necrosis factor family, and consists of 250 amino acids encoded by a gene located at chromosome 17p13.1 (30) . Previous studies have confirmed that APRIL is highly expressed in malignant tumors, and that its expression is associated with invasion and metastasis (12,30). APRIL promotes the invasion and metastasis of colon cancer by upregulating the expression of matrix metalloproteinases (31). Chen et al (9) revealed that miR-383 may downregulate the expression of APRIL to inhibit the proliferation of hepatocellular carcinoma cells. Previous studies have also indicated that miR-383 may regulate COX-2 (22) and MCL-1 (23) . In the present study, western blot analysis revealed that the expression of APRIL was decreased in cells with upregulated miR-383 compared with the control group, whereas COX-2 and MCL-1 were not altered. At present, the association between miR-383, and APRIL, MCL-1 and COX-2 expression in colon cancer has not been confirmed. The results of the present study suggest that miR-383 may be associated with the downregulation of APRIL expression, which may inhibit the invasion, migration and proliferation of colon cancer cells.
In conclusion, the expression of miR-383 in colon cancer tissue was decreased, and its expression was associated with the pathological type and TNM stage of colon cancer. The upregulated expression of miR-383 in colon cancer cells inhibited proliferation, migration and invasion. The mechanism for the effect of miR-383 may be mediated by the downregulation of APRIL. In-depth study of the interaction between miR-383 and APRIL may provide insight into the mechanism of tumor suppression by miR-383.
